Introduction
Despite having a low incidence rate globally, nasopharyngeal carcinoma (NPC) is common in China, with incidence rates of 2.8/100,000 person-years in men and 1.9/100,000 person-years in women, and in South-Eastern Asia, with incidence rates of 6.4/100,000 person-years in men and 2.4/100,000 person-years in women. 1, 2 Compared to other head and neck squamous cell carcinoma (HNSCC), it has strong association with EpsteinBarr virus infection, which is considered as one of the etiologies of NPC, high chemo and radiosensitivity. 3, 4 Therefore, radiotherapy (RT), with or without chemotherapy, is regarded as the first-line treatment for primary locoregional NPC.
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Oei et al factors, including tumor-and treatment-related symptoms such as dysphagia, anorexia, odynophagia and compression or obstruction of the food passage. 8 Poor nutritional status in cancer patients has been associated with serious clinical consequences such as deteriorated quality of life, treatment toxicity and even a poor prognosis. 9 Therefore, nutrition monitoring is crucial, especially for HNSCC patients receiving RT, in order to improve nutritional levels and subsequent treatment outcomes. 10, 11 Several studies have reported that poor nutritional status is significantly associated with worse survival rates in NPC patients. [12] [13] [14] However, the patients included were treated with diverse RT techniques. Due to significant differences between RT techniques, we believed that it was necessary to reevaluate certain factors with one specific radiation technique. We wanted to evaluate the prognostic value of nutritional markers in NPC patients treated with intensity-modulated radiotherapy (IMRT)-based therapy, which is considered superior to conventional RT. 6, 15 In this study, we measured the pretreatment hemoglobin level (pre-Hb), pretreatment serum albumin level (pre-Alb) and the degree of weight loss (WL) during treatment. We then analyzed their impact on treatment outcomes. In addition, propensity score matching (PSM) was performed to reduce the effect of confounders.
Materials and methods Patients
Between January 2010 and March 2013, a consecutive cohort of primary NPC patients, treated with definitive IMRT-based therapy at Fudan University Shanghai Cancer Center, was enrolled in this study. The main inclusion criteria were: 1) 16 years old or above; 2) histologically proven NPC; 3) Karnofsky performance status (KPS) score $80; 4) no evidence of distant metastasis; 5) completion of prescribed treatment; 6) complete data of nutritional parameters including pre-and posttreatment body weight, pre-Hb and pre-Alb. The final study cohort was composed of 412 patients. All patients underwent several pretreatment workup, including complete medical history, physical examination, magnetic resonance imaging (MRI) or computed tomography (CT) scan of the nasopharynx and neck, chest CT, abdominal sonography and when necessary, a whole-body bone scan by single-photon emission CT.
This study was approved by the Institutional Review Board of Fudan University Shanghai Cancer Center and written informed consent was obtained from each patient. For patients who were under the age of 18, the written informed consent was signed by the parents or legal guardians. The study was run in accordance with our institutional policy and also the 1964 Declaration of Helsinki and its later amendments.
Data collection
Clinical data including age, sex, the 7th edition of American Joint Committee on Cancer (AJCC) staging, RT dosage and treatment group (RT alone or combined chemoradiotherapy [CRT]), were obtained from the medical history. Pretreatment body weight was measured within 7 days before treatment and posttreatment body weight was measured within 7 days after the prescribed treatment was completed, using the same scale consistently for all patients. WL was calculated as (posttreatment body weight-pretreatment body weight)/ pretreatment body weight×100%. As defined by the International Consensus of Cancer Cachexia, 16 a cutoff value of 5% was used to categorize WL during treatment into two subgroups: critical weight loss (CWL) (WL$5%) and non-CWL (WL ,5%). All clinical details were collected by a radiation oncologist who was blind to the treatment outcomes.
Pre-Hb and pre-Alb were obtained within 2 weeks before treatment given. The pre-Hb was measured using an automated hematology analyzer, Sysmex XT-4000i (Sysmex, Kobe, Japan), while the pre-Alb was measured using a chemistry analyzer, cobas 8000 (Roche, Basel, Switzerland). Both the parameters were dichotomized by their median value. In addition, posttreatment hemoglobin level (Hb) and serum albumin level (Alb) were also collected for comparison within 2 weeks after the completion of treatment.
radiotherapy
All patients were treated using IMRT. CT simulation was performed by following the standard operating procedure. The prescribed dose was: 66-70. 4 
Follow-up and clinical end points
During treatment, patients were examined in the clinic once a week. Intravenous nutritional support or oral nutritional supplements were administered for patients with poor oral intake and/or treatment-induced oral mucositis grade $II, according to the National Cancer Institute Common Terminology Criteria for Adverse Events version 4.0. No gastrostomy was performed on any patients during the treatment period.
After completion of the initial treatment, all patients were followed up every 3 months in the first and second year, every 6-9 months in the third to fifth year and annually thereafter. Patients underwent physical examination, including indirect nasopharyngoscopy and palpation of neck lymph nodes. In addition, MRI of nasopharynx, chest CT scan and abdominal ultrasonography were carried out in the third month and every 6 months afterward. Additional workup was performed in case of any suspicion of locoregional recurrence or distant metastasis. Patients with confirmed locoregional recurrence or distant metastasis were scheduled for further treatment.
The primary end point was overall survival (OS), whereas the secondary end points were locoregional recurrence-free survival (LRFS) and distant metastasis-free survival (DMFS). OS was defined as the time elapsed between the initiation of treatment and death from any cause. LRFS was defined as the length of time between the start of treatment and the first recurrence in nasopharyngeal and/or cervical region. DMFS was defined as the time interval between the beginning of treatment and the first occurrence of distant metastasis.
statistical analysis
Data analysis was performed using the SPSS version 21.0 (IBM, Armonk, NY, USA). Paired t-test with Bonferroni correction was performed to compare the body weight, Hb and Alb pre-and posttreatment. Chi-squared test (or Fischer's exact test, if indicated) was used for categorical variables. Survival curves for OS, LRFS and DMFS were obtained using Kaplan-Meier method. Log-rank test and Cox proportional hazards model were performed to explore the significance of tested variables on survival outcomes. Cox proportional hazards model was also used to estimate the HR and 95% CI. Proportional hazard assumption was evaluated graphically using log-minus-log plots. Any result with two-sided P-value ,0.05 was considered to be statistically significant.
Furthermore, PSM was done and correlogram created using R version 3.4.0 (The R Foundation of Statistical Computing, Vienna, Austria) to adjust possible bias and confounders. Variables that were used to calculate the propensity score (PS) index were age, sex, tumor classification, nodal classification, the 7th edition of AJCC tumornode-metastasis (TNM) stage and the radiation dose. This was carried out using the nearest neighbor 1:1 matching in MatchIt package. Also, a correlogram illustrating the correlation between variables was created under the corrplot package.
Results
Patient characteristics
The summary of clinical characteristics of 412 patients is provided in Table 1 . The median age was 48 years and the age ranged from 17 to 82 years. The majority of patients (71.1%) were male and the ratio of male to female patients was 2.5:1. According to the 7th edition of AJCC staging system, there were eight patients (2.0%) with stage I, 80 patients (19.4%) with stage II, 199 patients (48.3%) with stage III and 125 patients (30.3%) with stage IV. Overall, 56 patients (13.6%) received RT alone and 356 patients (86.4%) received CRT. In addition, the RT duration ranged from 33 to 61 days, with a median of 44 days.
The median values of WL and Alb were 8.0% (range: -2.9% to 26.0%) and 42. The median follow-up time was 67.8 months, with the time ranging from 4.8 to 85.5 months. In the entire cohort, the 5-year OS, LRFS and DMFS were 86.0%, 87.1% and 85.3%, respectively.
OncoTargets and Therapy 2018:11 submit your manuscript | www.dovepress.com
Dovepress
4860
Oei et al association between nutritional markers and other variables As shown in Table 2 , significant differences were observed in terms of age, sex, tumor classification, TNM stage, RT dose and treatment modality between WL subgroups. A higher proportion of patients who received neoadjuvant and/or CCRT showed CWL. There were also a significantly higher proportion of patients of older age and advanced TNM stage in the low pre-Alb subgroup compared with high pre-Alb subgroup. Significant differences in terms of sex, tumor classification, nodal classification and TNM stage were found between the pre-Hb subgroups.
A correlogram shown in Figure 1 further illustrates the correlations between nutritional markers and inflammatory markers, including WL, pre-Alb and pre-Hb, together with pretreatment neutrophil and lymphocyte count. Although the correlation levels were weak to moderate, positive correlation between the markers was observed.
Posttreatment changes in nutritional markers
Details of pretreatment nutritional markers and their changes at the completion of treatment are provided in Table 3 . Body weight, Alb and Hb significantly decreased posttreatment with P-values of ,0.001 each. When the data were analyzed separately for male and female patients, similar results were observed in the male group. In the female group, however, only body weight and Alb were found to be significantly decreased at the completion of treatment, but not the Hb.
impact of nutritional markers on survival
Kaplan-Meier method showed that compared with non-CWL group, CWL group had significant decrease in terms of OS (5- (Figure 3 ). In contrast, statistically significant differences were not observed between pre-Alb subgroups (Figure 4 ). However, it is worth noting that trends were noticed regarding negative impact of low pre-Alb on survival.
Unadjusted (Table 4) . However, no significant correlation was found between the pre-Alb and survival outcomes (Table 4) .
In adjusted Cox proportional hazards regression analysis, the following variables were included: age (,60 vs $60), sex (male vs female), the AJCC (7th edition) T stage (T1-T2 vs T3-T4), the AJCC (7th edition) N stage (N0-1 vs N2-3), treatment modality (RT alone vs CRT) and RT dose (,70 vs $70 Gy). CWL remained correlated with poor OS (HR: 2.399, 95% CI: 1.267-4.540, P=0.007) and LRFS (HR: 2.041, 95% CI: 1.052-3.960, P=0.035) ( Table 4) . Furthermore, pre-Hb was found to be an independent prognosticator of DMFS (HR: 2.031, 95% CI: 1.144-3.606, P=0.016) ( Table 4) . Again, no significant correlation was observed between pre-Alb and survival outcomes (Table 4) .
Propensity-matched analysis
Given that there were significant differences in the clinical features between subgroups, PSM was performed by 
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Prognostic value of nutritional markers in nPc matching following parameters: age, sex, tumor classification, nodal classification, TNM stage and radiation dose. After matching, the new patient cohorts consisted of 141 pairs for WL group, 200 pairs for pre-Alb group and 193 pairs for pre-Hb group. Distribution of the PS of the three groups before and after PSM is provided in Figure 5 . There were significant discrepancies in the distribution of PS between subgroups before PSM, but the distributions then became similar after PSM.
In the unadjusted Cox regression analysis, CWL was still significantly correlated with OS (HR: 2.109, 95% CI: 1.082-4.108, P=0.028) ( Table 4 ). However, the correlation level between CWL and LRFS was no more significant and was nearly below the significance level. Furthermore, pre-Hb was still a prognosticator of OS (HR: 1.694, 95% CI: 1.004-2.859, P=0.048) and DMFS (HR: 2.120, 95% CI: 1.236-3.634, P=0.006) ( Table 4) . After adjustment for age (,60 vs $60), sex (male vs female), the AJCC (7th edition) T stage (T1-T2 vs T3-T4), the AJCC (7th edition), N stage (N0-1 vs N2-N3), treatment modality (RT alone vs CRT) and RT dose (,70 vs $70 Gy), CWL remained an independent prognosticator of poor OS (HR: 2.218, 95% CI: 1.125-4.373, P=0.021), while low pre-Hb was still an independent prognostic factor of worse DMFS (HR: 2.014, 95% CI: 1.136-3.571, P=0.017) ( Table 4) .
Discussion
In our study cohort, we found that CWL and low pre-Hb were prognosticators of survival in NPC patients. In addition, significant decrease in our variables of interest, body weight, Alb and Hb were observed posttreatment. This could have been caused by many factors that could be simply divided into tumor-related and treatment-related reasons. NPC, with advanced tumor classification, may lead to poor oral intake as the primary tumor often involves the anatomical structure of the masticatory system. 17 During IMRT, HNSCC patients are prone to suffer from mucositis, dysphagia and xerostomia, 18 which often result in impaired food intake. Kong et al 6 reported that mucositis and xerostomia were the most common cause of acute toxicity in NPC patients treated with IMRT. 
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Oei et al The study revealed that the incidence of mucositis and xerostomia with grade II and above were 81.4% and 30.8%, respectively. Moreover, nutritional markers undergo alteration caused by the treatment due to increase in energy consumption and boosting of protein metabolism. 19, 20 Previous studies have revealed that malnutrition is correlated with poor treatment outcomes. 12, 14, [21] [22] [23] Our present findings show that nutritional markers are independently predictive of NPC survival. CWL was an independent prognostic factor for decreased OS and LRFS. However, no significant association was found between CWL and DMFS status. Similarly, Zeng et al 13 analyzed the impact of CWL on NPC survival and reported that CWL was significantly associated with OS and LRFS. We also found that low pre-Hb independently predicted poor DMFS, but no such correlation was found with OS and LRFS, which was in line with the work conducted by Guo et al. 23 In contrast, pre-Alb was not found to be correlated with NPC survival. This result was 
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Prognostic value of nutritional markers in nPc contradictive to a previous study conducted by Li et al, 14 which reported that low Alb (#43.0 g/L) was an independent prognostic factor for OS. We hypothesize that the differences were due to two main causes. First, the selection method used in determining the cutoff value was different. Instead of using receiver operating characteristics curve analysis, we used the median value in order to obtain a more ideal ratio between low and high pre-Alb. Second, most patients were treated with the conventional fractionation RT technique in the previous work, whereas we analyzed only patients treated with the IMRT technique. It is well known that the IMRT technique has significantly improved locoregional control 
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Oei et al Figure 4 Kaplan-Meier survival curves of overall survival (A), locoregional recurrence-free survival (B) and distant metastasis-free survival (C) classified into two groups according to pre-alb. log-rank test, P,0.05. Abbreviation: pre-alb, pretreatment serum albumin level. 
Time (months)
48 60 72 212 2 03 188 1 81 175 1 40 62 <42.6 g/L 200 1 89 172 1 58 146 1 17 78C Pre-Alb <42.6 g/L ≥42.6 g/L
4865
Prognostic value of nutritional markers in nPc 
After matching
Propensity score Density and OS for NPC. 6,24 Therefore, we surmised that the pre-Alb does not have significant impact on NPC survival.
Apart from being secondary to decreased intake and loss of nutrients which lead to starvation, the rationale behind malnutrition and its impact on survival in cancer patients may mainly involve systemic inflammation. 25 The reason for this phenomenon may be that the human body has several compensative biochemical pathways to reduce the impact of insufficient food ingestion on metabolism, 26 while systemic inflammation prevents the activation of such mechanisms, resulting in accelerated energy expenditure and protein metabolism. 27 Systemic inflammation is an important part of malignancy. 28, 29 Recent studies have reported that the TGF-β and PTEN/PI3K/Akt/mTOR pathways, resulting in the activation of transcription factors such as NF-κB and subsequent inflammation responses, have central roles in the progression of HNSCC. 30 There are several mechanisms by which systemic inflammation causes poor nutritional status. First, it causes accelerated resting energy expenditure. 31 Second, systemic inflammation triggers a cascade of molecular mechanisms, such as increased protein metabolism and functional impairment of the hypothalamus which regulates appetite and satiety. 27, 32 Furthermore, some proinflammatory cytokines, submit your manuscript | www.dovepress.com
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Oei et al such as IL-6 and tumor necrosis factor-α, have been reported to induce muscle wasting. 33 IL-6 can also invigorate hepcidin, a hormone that modulates intestinal iron absorption, and potentially contribute to low Hb. The above clinical conditions are factors that can lead to unintentional treatment interruptions, 34 prolonged hospital stay, 35 severe RT-induced late toxicities 36 and higher mortality. 13, 19, 23 In addition, a number of studies have reported that Hb is closely associated with tumor oxygenation in locally advanced solid tumors. 37, 38 The decreased oxygen transport capacity of the circulating blood due to tumor-associated or therapy-induced low Hb may cause tumor hypoxia, 39 which is widely known for its role in tumor progression and resistance to treatment. 40, 41 Previous studies have shown that hypoxic and/or anoxic tissue areas could be seen in up to 60% of solid tumors. 38 In normal tissues, this kind of hypoxia can be minimized by increased local blood flow. However, such a compensatory mechanism does not exist in malignant tumors. 38 Therefore, low Hb may enhance hypoxia, which results in subsequent poor prognosis.
In the present study, we found that CWL during treatment and pre-Hb were independent prognostic factors of survival in NPC patients undergoing IMRT. Therefore, immunonutritional support to prevent malnourishment is critical. In 2011, Deutz et al 42 investigated the impact of specially formulated nutritional supplement, consisting of 40 g of casein-and whey-based protein, 10% free leucine and other essential nutrients in 25 patients with radiographic evidence of malignancy. Increased muscle protein was observed in the experimental group. The conclusion was that the experimental nutritional supplement was able to stimulate muscle protein synthesis. Later, Vasson et al 43 analyzed the effect of oral supplementation, which contained arginine, ω-3 fatty acids and nucleotides, in head and neck and esophageal cancer patients treated with CRT. A significant improvement in body weight and plasma antioxidant capacity was noted in the experimental group. The authors concluded that immunonutritional intervention could enhance the nutritional status of head and neck and esophageal cancer patients receiving CRT.
There are several strengths in our current study. We performed PSM analysis in order to make adjustments for possible confounding factors, whereas many earlier studies had analyzed the data without sufficient adjustments for confounders. Thus, their results were prone to misinterpretations due to confounding. Austin 44 stated that PSM allows one to design and analyze observational study to mimic randomized controlled trial. We performed PSM in addition to adjusted Cox regression analysis due to different key limitations in both methods. 45 Moreover, some authors have suggested that PSM actually outperforms standard multivariable methods. 46 However, we believe that neither method was better in this context, and therefore we conducted both in our study. To our knowledge, this is the largest sample size analyzing the impact of CWL on survival in patients treated with IMRT. Moreover, with regard to pre-Hb and Alb, we used the median value as the cutoff point and divided the group into two subgroups. This approach was different from that of previous studies which simply divided the study cohort into anemia and nonanemia groups and hypoalbuminemia and nonhypoalbuminemia groups. We doubt this was an appropriate approach since the reference ranges of these variables were determined based on healthy population. Therefore, a different approach was taken in our study.
However, several limitations in our study should be acknowledged. First, this study was performed in one single institution, which may impact the generalization of our study. Second, weight measurement was not standardized in terms of the time points of measurement, as body weight fluctuates throughout the day. However, the effect of this was considered minor and no such problem found in hematological examinations due to standardized procedures. Due to the above limitations, the relation between nutritional status and survival in patients undergoing IMRT needs to be explored through prospective multi-institutional study. Furthermore, the impact of immunonutritional intervention in this patient cohort also needs further investigation.
Conclusion
To summarize, significant correlation was found between nutritional markers and inflammatory markers. Furthermore, nutritional markers significantly decreased after treatment in NPC patients receiving IMRT. CWL is independently associated with poor OS and LRFS, while low pre-Hb predicts inferior DMFS, independent of other confounding variables. However, pre-Alb is not a prognostic factor for survival in our patient cohort. These results were further confirmed through PSM analysis. Since weight and Hb are routinely and easily measured in many institutions, these can be used to complement the conventional TNM staging system in determining treatment strategies for individual patients and for further enhancing the accuracy of prognosis. Our study suggests that for patients with poor nutritional status, appropriate nutritional support and more frequent posttreatment follow-up should be considered.
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